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(57) The invention provides a developer for photo- 
sensitive polyimides, with which polyimide patterning for 
interlayer insulating films for multi-layered circuit boards 
and for a-ray shield layers, buffer coat layers and others 
for semiconductor memory devices is attained within a 
shorter period of time than with conventional develop- 
ers. It provides a developer for photosensitive polyimide 
precursors, which comprises two or more solvents 
including at least an aprotic polar solvent, and in which 
the mixed solution of the solvents has a polar compo- 
nent solubility parameter. 8P, of not smaller than 7. and 
provides a patterning method of using the developer. 
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Description 

BACKGROUN n OF THF INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to a developer for photosensitive polyimide precursors, and to a method of using 
it for patterning. 

2. DesCTiption of the Related Art: 

[0002] m recent semiconductor industries, organic substances with good heat resistance such as polyimide resins 
and the like are being used as interlayer insulating materials, because of their good characteristics, in place of conven- 
tional inorganic materials. 

[0003] Circuit patterning for semiconductor integrated circuits and printed circuits requires many complicated steps 
of for example, forming a resist film on the surface of a substrate, removing the unnecessary part of the trim through 
selective exposure and etching at a predetermined site, and rinsing the surface of the thus-proce^ed substrate^For 
this, therefore, it is desired to develop heat-resistant photosensitive materials for resists that can be directly used as 
insulating layers after having been patterned through exposure and development. 

[00041 For those, for example, heat-resistant photosensitive materials comprising, as the base polymer, photosensi- 
tive polyimide. cyclic polybutadiene or the like have been proposed. Above all. photosensitive polyimides are specifi- 
cally noticed for those materials, as their heat resistance is good and inrpurities are easy to remove from them. 
[00051 However, the base polymer itself of conventional photosensitive polyimides is poorly soluble in organic so - 
vents Therefore, patterning a film of such a poorly-soluble, photosensitive polyimide material with a conventional devel- 
oper for photosensitive polyimide precursors to give good patterns often takes a lot of time for development^ In addition, 
if the development time for it is not adequately settled, some undesired residues will remain after the development. 
[00061 With the recent tendency toward the reduction in processing time in the art. a one-mask process is being 
employed in which the polyimide pattern formed is directly used as a mask and the underlying passivation film is etched 
via the mask. In this case, the polyimide pattern formed is required to be a good mask with dimensional accuracy with 
little fluctuation. 

■QL IMMARY OF THE INVENTION 

[0007] The present invention is to provide a developer for photosensitive polyimides. with which polyimide patterning, 
or example, for interlayer insulating films for multi-layered circuit boards and for a-ray shield layers, buffer coa layers 
and others for semiconductor memory devices is attained within a shorter period of time than with conventonal devel- 

?OMfil In addition to its characteristic noted above, the developer, which the invention is to provide, is further charac- 
terized in that the polyimide patterns formed with it have the advantage of little fluctuation in patterning dimensions. 
[0009] The developer is still further characterized in that it gives no residues after development with it. and that the 
difference in the solution velocity between the exposed area and the non-exposed area being developed with it is great 
enough to give high-resolution patterns. . . ._, ^ < • 

r001 01 Another aspect of the invention is to provide a method of using the developer for polyimide patterning for inter- 
layer insulating films for multi-layered circuit boaids and for «-ray shield layers, buffer coat layers and others for semi- 
conductor memory devices. In the method, the polyimide patterning with the developer is attained within a shorter 
period of time than with conventional developers, and. in addition, the developer used gives no residues after develop^ 
ment with it and the polyimide patterns formed have the advantage of little fluctuation in patterning dimensions. 
[001 1] Specifically, the invention that attains the objects noted above provides a developer for photosensitive polyim- 
ide precursors, which comprises two or more solvents including at least an aprotic polar solvent, and in which the mixed 
solution of the solvents has a polar component solubility parameter. 8P. of not smaller than 7. 

[001 2] In one embodiment of the developer of the invention that comprises at least two or more solvents, the nruxed 
solution of the solvents has a polar component solubility parameter. 8P. falling between 7 and 9. and a hydrogen-bond 
component solubility parameter. 8H. falling between 5 and 7. 

[001 3] In another embodiment of the invention, each solvent that constitutes the developer has a vapor pressure of 

not higher than 30 mmHg (at 25°C). so ^ ««»or„«ii<»r«,an 7 

[00141 In still another embodiment, each solvent has a polar component solubility parameter. 8P. of not smaller than 7 
[0015] In still another embodiment, ttie developer comprises two aprotic polar solvents each having a dipole moment 
of not smaller than 3.8. in a compositional ratio falling between 0.5 and 2.0, along with water. 



2 



<EP 0940724A2_I_> 



EP0 940 724 A2 

[001 61 In still another embodiment, the developer comprises from 80 to 95 % by weight of an aprotic polar solvent and 
from 5 to 1 2 % by weight of water. 

[001 7] In still another embodiment of the developer, the aprotic polar solvent Is comprised of dimethylsulfoxide and y- 
butyrolactone. and the developer contains from 30 to 70 % by weight of dimethylsulfoxide, from 30 to 70 % by weight of 
5 y-butyrolactone and from 5 to 12 % by weight of water in a ratio by weight of dimethylsulfoxide/y-butyrolactone falling 
between 0.5 and 1.5. 

[0018] The invention further provides a patterning method, which comprises exposing a film of a photosensitive poly- 
imide precursor composition to active rays via a pattern mask therebetween, followed by processing the film with the 
developer noted above to thereby remove the non-exposed area of the film. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 9] The developer for photosensitive polyimide precursors of the invention comprises two or more solvents includ- 
ing at least an aprotic polar solvent, in which the mixed solution of the solvents has a polar component solubility param- 

15 eter, i5P, of not smaller than 7. Having the specific composition, the developer exhibits improved solubility, while having 
a significant effect in enlarging the difference in solution velocity between the exposed area and the non-exposed area 
being developed with it. If the developer comprises only one solvent, controlling the difference in solution velocity 
between the exposed area and the non-exposed area being developed with it is difficult, and therefore good patterns 
could not be formed. If the mixed solution of the solvents constituting the developer has a polar component solubility 

20 parameter of smaller than 7, the developer could not have a satisfactory degree of solubility, and the difference in solu- 
tion velocity between the exposed area and the non-exposed area being developed with it could not reach a satisfactory 
level. 

[0020] The polar component solubility parameter as referred to herein is a characteristic value of liquid as defined by 
Hildebrand. This is calculated from the cohesive energy and the molecular volume of a polar component, and is known 
25 specific to each solvent. For mixed solvents, the solubility parameter intrinsic to each constituent solvent is apportioned 
relative to the volume fraction of each solvent constituting the mixture, and the resulting data are summed up to give the 
solubility parameter of the mixed solvent. 

[0021 ] To control the solvent mixture so as to make it have a polar component solubility parameter of not smaller than 
7. the type of the aprotic solvents and other solvents to be used and also their amounts to be mixed shall be so selected 
30 that the resulting mixture could have the value of not smaller than 7 as calculated according to the calculation formula 
noted above. 

[0022] The aprotic polar solvent for use in the invention must be such that the solvent mixture comprising it has a cal- 
culated solubility parameter, 6P, of not smaller than 7. The solvent having 6P of not smaller than 7 by itself includes, for 
example, dimethylsulfoxide, methylsulfone, trimethyi phosphate, y-butyrolactone, ethylene carbonate, acetonitrile, pro- 
35 pionitrile. nitroethane. etc. The others each having 8P of smaller than 7 by itself but capable of being used when com- 
bined with any of those with 8P of not smaller than 7 mentioned above include, for example, N-methyl-2-pyrrolidone. 
N,N-dimethylacetamide. N.N-dimethylformamide. etc. 

[0023] Any other solvent except aprotic polar solvents may be combined with the aprotic polar solvent to prepare the 
developer of the invention. Such other solvents include, for example, water, alcohols such as methanol, ethanol, ethyl- 
40 ene glycol, etc. 

[0024] In the invention, it is desirable that the developer has a polar component solubility parameter. 6P, falling 
between 7 and 9 and a hydrogen-bond component solubility parameter. 6H. falling between 5 and 7, as being more 
effective in increasing its solution velocity while favorably controlling it to fall within a predetermined range. 
[0025] The hydrogen-bond component solubility parameter, 6H, as referred to herein is a characteristic value of liquid 
45 as defined by Hildebrand. This is calculated from the cohesive energy and the molecular volume of a hydrogen-bond 
component, and is known specific to each solvent. For mixed solvents, their hydrogen-bond solubility parameter may 
be obtained in the same manner as hereinabove mentioned for the polar component solubility parameter of mixed sol- 
vents. 

[0026] In the invention, it is also desirable that each solvent constituting the developer has a vapor pressure of not 
50 higher than 30 mmHg (at 25°C), as the composition of the developer varies little and the temperature thereof lowers 
little during development. Using the developer brings about little fluctuation in patterning dimensions. The solvent hav- 
ing a vapor pressure of not higher than 30 mmHg (at 25°C) includes, for example, dimethylsulfoxide. methylsulfone, tri- 
methyi phosphate, y-butyrolactone. ethylene carbonate, nitroethane, N-methyl-2-pyrrolidone. N.N-dimethylacetamide, 
N.N-dimethylformamide. water, etc. The vapor pressure of the solvent may be measured in a static method or the like. 
55 [0027] It is more desirable that the solvents constituting the developer that satisfies the conditions of 6P and 6H noted 
above each independently have a polar component solubility parameter, 5P. of not smaller than 7. as a high degree of 
resolution could be expected in patterning with the developer. As examples of such solvents, mentioned are dimethyl- 
sulfoxide. methylsulfone, trimethyi phosphate, y-butyrolactone, ethylene carkx)nate. acetonitrile. propionitrile, nitro- 
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ethane, water, etc. These organic solvents could be used either singly or as combined. 

[0028] Therefore, it is especially preferable that each solvent in the developer has a vapor pressure of not higher than 
30 mmHg (at 25°C) and has a polar component solubility parameter, 6P, of not smaller than 7. as high-resolution pat- 
terning could be realized to give patterns with little fluctuation in patterning dimensions. As examples of the preferred 
5 solvents, mentioned are dimethylsulfoxide. methylsulfone trimethyl phosphate, y-butyrolactone. ethylene carbonate, 
nitroethane. water, etc. 

[0029] It is also desirable that at least one solvent in the developer has a hydrogen-bond component solubility param- 
eter, 6H. of not smaller than 10, as much improving the solubility of the developer comprising it. The solvent of that type 
includes, for example, water, glycerol, ethylene glycol, methanol, ethanolamine, etc. Of those, especially preferred are 
10 the solvents (water, etc.) having a polar component solubility parameter, 6P, of not smaller than 7. for the reasons noted 
above. 

[0030] For its better condition, it is further desirable that the developer of the invention comprises from 80 to 95 % by 
weight of two aprotic polar solvents each independently having a dipole moment of not smaller than 3.8, in a composi- 
tional ratio by weight falling between 0.5 and 2.0, and from 5 to 12 % by weight of water, since the developer in such a 
15 preferred condition could exhibit increased solution velocity while favorably controlling it to fall within a predetermined 
range, and since it gives no residues after development with it. If the developer does not satisfy the preferred range 
noted above, its solution velocity will lower and it will give some residues after development with It. In that condition, 
even if the developer contains any additional components, it shall still satisfy the requirements noted above in order to 
attain the intended results. 

20 [0031] The aprotic polar solvent having a dipole moment of not smaller than 3.8 includes, for example, dimethylsul- 
foxide. y-butyrolactone, etc. In general, the dipole moment of a solvent may be calculated through measurement of the 
dielectric constant and the density thereof, in accordance with the Debye's formula. The dipole moment of many sol- 
vents is known. 

[0032] Of those mentioned hereinabove, one preferred embodiment of the developer of the invention comprises from 
25 30 to 70 % by weight of dimethylsulfoxide, from 30 to 70 % by weight of y-butyrolactone and from 5 to 1 2 % by weight 
of water in a ratio by weight of dimethylsulfoxide/y-butyrolactone falling between 0.6 and 1 .5. since the difference in the 
solution velocity between the exposed area and the non-exposed area being developed with it is great enough to give 
high-resolution patterns. More preferably, it comprises from 35 to 45 % by weight of dimethylsulfoxide. from 50 to 60 % 
by weight of y-butyrolactone and from 7.5 to 9 % by weight of water in a ratio by weight of dimethylsulfoxide/y-butyrol- 
30 actone falling between 0.6 and 0.9. since it has a lot of latitude in the time for development with It and since it gives no 
residues after development with it. 

[0033] The photosensitive polyimide precursors to which the developer of the invention is directed are preferably in 
the form of a so-called negative, photosensitive polyimide precursor composition having a photosensitive group capable 
of being dimerized or polymerized In light. As a result of dimerization or polymerization of the photosensitive group 
35 therein, the exposed area of the composition becomes insoluble or hardly soluble in the developer of the invention. 
[0034] The photosensitive polyimide precursors of that type include, for example, those having repetitive units of the 
following general formula (I) to be formed from a tetracarboxytic acid or its derivative and a diamine as bonded 
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through amido bonding. 

wherein X represents a tetravalent organic group; Y represents a divalent organic group; A^ and A^ each independently 
represent OH. OR\ NHR^ or HR^R^R^; R\ R^. R^. and R^ each represent a monovalent organic group: Z repre- 
ss sents a monovalent organic group having an unsaturated carbon-carbon double bond; n represents 0. 1 or 2; and when 
n is 0. then A^ and A^ each independently represent OR\ NHR^, or O N-'HR^R^R^. and R\ R^ and R^ each represent 
a monovalent organic group having an unsaturated cartx>n-carbon double bond. 

[0035] In formula (I), X generally indicates a residue of a tetracarboxylic acid or its derivative such as Its anhydride or 
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the like capable of reacting with a diamine to form a polyimide precursor, and preferably contains an aromatic ring. Y 
generally indicates a residue of a diamine capable of reacting with a tetracarboxylic acid or its derivative to form a poly- 
imide precursor, and preferably contains an aromatic ring or a siloxane bond. It is desirable that these residues each 
have from 6 to 80 carbons in total. The aromatic ring includes, for example, benzene ring, naphthalene ring, pyridine 
5 ring, etc. X and Y may have one aromatic rings or from 2 to 1 0 aromatic rings as bonded to each other via a single bond, 
an ether group, an alkylene group, a fluoroalkylene group, a sulfonyl group, a sulfoxyl group (-SO-), a carbonyl group or 
the like. In these, the aromatic ring may have a substituent of. for example, a hydrocarbon group, a halogenated hydro- 
carbon group, a halogen atom and the like. 

[0036] , R^. R^. R^ and R^ having an unsaturated carbon-carbon double bond may be selected from monovalent 
10 organic groups of a formula: 



75 




o 



20 

wherein R^, and R^ each represent a group independently selected from a hydrogen atom, an alky! group, a phenyl 
group, a vinyl group and a propenyl group: R^ represents a divalent organic group. 

[0037] The alkyi group may have from 1 to 4 carbon atoms. The divalent organic group for R^ may be an alkylene 
group having from 1 to 4 carbon atoms, such as a methylene group, an ethylene group, a propylene group or the like. It 
25 is desirable that the groups of -COA^ and -COA^ and the two amido groups bonding to X all bond directly to the aro- 
matic group of X. In that case, it is further desirable that the groups of -COA^ and -COA^ are ortho- or peri-positioned 
relative to either one of the amido groups. 

[0038] The group of Z may have a moiety of a vinyl group, an allyl group, an acryloyi group, a methacryloyi group or 
the like. 

30 [0039] The polyimide precursors mentioned above may be prepared from starting compounds of a tetracarboxylic 
acid or its derivative (its dianhydride or the like), a diamine and optionally a compound having a photosensitive group. 
[0040] The tetracarboxylic acid dianhydride includes, for example, pyromellitic anhydride, 3,3',4.4*-benzophenone-tet- 
racarboxylic acid dianhydride. 3.3*.4.4'-biphenyNtetracarboxylic acid dianhydride. 1,2.5,6-naphthalene-tetracarboxylic 
acid dianhydride. 2.3.6, 7-naphthalene-tetracarb)oxylic acid dianhydride. 2,3.5,6-pyridlne-tetracarboxyllc acid dianhy- 

35 dride. 1.4.5,8-naphthalene-tetracarboxylic acid dianhydride, 3.4,9,1 0-perylene-tetracarboxylic add dianhydride, 4,4'- 
sulfonyldiphthalic acid dianhydride. m-terphenyl-3,3",4.4"-tetracarboxylic acid dianhydride. p-terphenyl-3.3",4,4"-tet- 
racarboxylic acid dianhydride. 4,4'-hydroxydiphthalic acid dianhydride. 1,1,1.3,3.3-hexafluoro-2,2-bis(2.3-dicarboxy- 
phenyl)propane dianhydride. 2.2-bis(2.3-dicarboxyphenyl)propane dianhydride. 2,2-bis(3.4-dicarboxyphenyl)propane 
dianhydride. 1.1.1 ,3,3.3-hexaf luoro-2.2'-bis[4-(2.3<licarboxyphenoxy)phenyl]propane dianhydride. 1.1.1 .3,3.3-hex- 

40 afIuoro-2.2'-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride, etc. 

[0041] The diamine includes, for example, aromatic diamines such as p-phenylenediamine. m-phenylenediamine. p- 
xylylenediamine, m-xylylenediamine. 1 .5-diaminonaphthalene. benzidine, 3.3*-dimethylbenzidine. 3.3'-dimethoxybenzi- 
dine, 4.4 - (or 3.4'-, 3.3*-. 2,4'-)diaminodiphenylmethane. 4.4*- (or 3.4'-, 3,3'-, 2,4*-)diaminodiphenyl ether. 4.4'- (or 3.4'-, 
3,3'-. 2.4'-)diaminodiphenylsulfone. 4.4'- (or 3,4'-, 3,3*-. 2.4'-)dlaminodlphenyl sulfide. 4.4'-ben2ophenone-dlamine. 3.3'- 

45 benzophenone-diamine, 4.4'-di(4-aminophenoxy)phenylsulfone. 4.4'-bis(4-aminophenoxy)biphenyl. 1 ,4-bis(4-ami- 
nophenoxy)benzene, 1 .3-bis(4-aminophenoxy)benzene, 1,1,1 .3.3.3-hexaf luoro-2,2-bis(4-aminophenyl)propane. 2,2- 
bis[4-(4-aminophenoxy)phenyl]propane, 3,3Hdimethyl-4.4'-diaminodiphenylmethane. 3.3'.5.5'-tetramethyl-4.4'-diamin- 
odiphenylmethane. 4.4'-di(3-aminophenoxy)phenylsulfone. 3.3'-diaminodiphenylsulfone. 2,2'-bis(4-aminophenyl)pro- 
pane, 2-methyl-4.4'-diamlnobiphenyl, 3-methyl-4,4'-diaminobiphenyi. 2,2'-dimethyl-3,3'-diaminobiphenyl. 2,2'-dimethyl- 

so 4.4'<liaminobiphenyl. 2.2',6.6-tetramethyl-3.3'<iiaminobiphenyl. 2.2'.6.6'-tetramethyl-4.4'-diaminobiphenyl. etc.; hete- 
rocyclic diamines such as 2.6-diaminopyridine. 2.4<iiaminopyrimidfne. 2,4-diamino-s-triazine. 2.7-diaminobenzofuran. 
2.7-diaminocarbazole. 3,7-diaminophenothiazine, 2.5-diamino-1.3.4-thiadiazole. 2.4-diamino-6-phenyl-s-triazlne, etc.; 
trimethylenediamine. tetramethylenediamine. hexamethylenediamine. 2.2-dimethylpropylenediamine. dlaminopolysl- 
loxanes of the following formula, etc. 

55 
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wherein m and n each independently represent an integer of from 1 to10, and s represents an integer of from 1 to 10. 
[0042] The tetracarboxylic acid dianhydrides as well as the diamine compounds mentioned above are used either sin- 
gly or as combined. 

[0043] To prepare the polyimide precursors having a photosensitive group, for example, employed is a method of 
reacting a compound having an unsaturated carbon-carbon double bond and an amino or quaternated amino group 
with a polyamic acid in such a manner that the amino or quaternated amino group in the former and the carboxyl group 
In the latter give an ionic bond; or a method oi introducing an unsaturated carbon-carbon double bond into a polyimide 
precursor at Its side chain via a covalent bond such as an ester bond, an amido bond or the like therebetween. 
[0044] The developer of the invention is especially favorable for development of a composition that contains a photo- 
sensitive polyimide precursor having an unsaturated carbon-carbon double bond as Introduced thereinto via Ionic bond- 
ing. 

[0045] In the method of introducing an unsaturated carbon-carbon double bond into a polyimide precursor via ionic 
bonding, it is desirable that the amount of the compound having an unsaturated carbon-carbon double bond and an 
amino or quaternated amino group to be used falls within a range of (an equimolar amount ± 50 mol%) relative to the 
carboxyl group of the polyamic acid to be reacted with the compound, in view of the photo-curability and the heat resist- 
ance of the photosensitive polyimide precursor produced. 

[0046] As examples of the compound having an unsaturated carbon-cartx>n double bond and an amino or quater- 
nated amino group, mentioned are the following: 

[0047] N.N-dimethylaminoethyl acrylate. N,N-dimethylaminopropyl acrylate, N.N-dimethylaminoethyl methacrylate. 
N,N-dimethylaminopropyl methacrylate, N,N-dimethylaminobutyl acrylate. N.N-dimethylaminobutyl methacrylate. N.N- 
diethylaminoethyi acrylate, N.N-diethylaminopropyl acrylate, N.N-diethylaminoethyl methacrylate. N.N-diethylamino- 
propyl methacrylate. N.N-dlethylaminobutyl acrylate. N.N-diethylaminobutyl methacrylate. 

[0048] The photosensitive polyimide precursor composition to be processed with the developer of the invention gen- 
erally contains a photo-initiator. The photo-Initiator includes, for example, Michler's ketone, benzoin methyl ether, ben- 
zoin ethyl ether. benzoin isopropyl ether, 2-t-butylanthraquinone, 2-ethylanthraquinone, 4,4'- 
bis(diethylamino)benzophenone. acetophenone, benzophenone, thioxanthone, 2,2-dimethoxy-2-phenylacetophenone, 
1-hydroxycyclohexyl phenyl ketone, 2-methyl-[4-(methylthlo)phenyl]-2-morphollno-1-propanone, benzil, diphenyl 
disulfide, phenanthrenequinone. 2-isopropylthioxanthone. riboflavin tetralxjtyrate, 2,6-bis(p-diethylaminobenzal)-4- 
methyl -4-azacyclohexanone. N-ethyl-N-(p-chlorophenyl)glycine. N-phenyldiethanoIamine, 2-(o-ethoxycarbonyl)oxy- 
imino-1 ,3-diphenylpropane-dione, 1 -phenyl-2-(o-ethoxycarbonyl)oxyiminopropan-1 -one, 3,3,4,4-tetra(t-butylperoxycar- 
bonyl)benzophenone, 7-diethylamino-3-thenoylcoumarin. 3,3-carbonylbis(7-diethylaminocoumarin). 

bis(cyclopentadienyl)-bis-[2,6-drfluoro-3-(pyr-1-yl)phenyl]tltanium. as well as other titanocene compounds, bisazides. 
etc. These may be used either singly or as combined. 

[0049] Of those photo-initiators, preferred are coumarin compounds such as 7-diethylamino-3-thenoylcoumarin and 
3.3-carbonylbis(7-diethylaminocoumarin). as well as titanocene compounds such as bis(cyclopentadienyl)-bis-[2.6-dif- 
luoro-3-(pyr-1-yl)phenyl]titanium. and bisazides. for use in the composition to be processed with the developer of the 
invention. 

[0050] The amount of the photo-initiator to be in the composition may be generally from 0.01 to 30 % by weight relative 
to the polyimide precursor therein. 

[0051] TTie photosensitive polyimide precursor composition may optionally contain, if desired, an addition-polymeriz- 
able compound- The additicn-polymerlzable compound includes, for example, diethylene glycol diacrylate. triethylene 
glycol diacrylate. tetraethylene glycol diacrylate. diethylene glycol dimethacrylate. triethylene glycol dimethacrylate. 
tetraethylene glycol dimethacrylate. trimethylolpropane diacrylate. trimethylolpropane triacrylate. trimethylolpropane 
dimethacrylate. trimethylolpropane trimethacrylate. 1 .4-butanediol diacrylate, 1 .6-hexanediol diacrylate, 1 .4-butanediol 
dimethacrylate. 1 , 6-hexanediol dimethacrylate. pentaerythrltol triacrylate, pentaerythrltol tetraacrylate. pentaerythrltol 
trimethacrylate. pentaerythrltol tetramethacrylate. styrene. divinylbenzene. 4-vinyltoluwe. 4-vlnylpyrldine, N-vlnylpynro- 
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lidone 2-hydroxyethyl acrylate. 2-hydroxyethyl methacrylate, 1.3-acryloyloxy-2-hydroxypropane. 1 3-methacr5joyloxy- 
2 hydVxypr^^^^^ methylendbisacrylamide. N.N^imethylacrylamide. N-methylolacrylamide. etc. These may be used 
eitKngXTas oombmed. The amount of the addition-polymerizable compound to be in the compos.t.on may be 
generally from 1 to 200 % by weight relative to the amount of the polyimide precursor therein. 
[0052] If desired, a radical polymerization inhibitor or retardart may be added to the photosensitive polyim.de precur- 
sor composition in order to improve the storage stability of the composition. hpnzoaui- 
[0053] The radical polymerization inhibitor or retardant includes, for example, p-methoxyphenol. *P'^enyl-p-benz«,u, 
nS? benzMuinone Mroquinone, pyrogallol. phenothiazine, resorcinol. orthodinitrobenzene. paradinitrobenzene. 
r^aiSn^re phena^raquincSe. N-phenyM-naphthylamine. N.phenyl-2-naphthylamine. cup^rron. phenoth. 
azfne 2.5 tofuquinone. tannic acid, parabenzylaminophenol. nitrsoamine. etc. These may be used e^^J^^f 
combined The amount of the radical polymerization inhibitor or retardant. if any. .n the composrton may be generally 
from 0 01 to 30 % by weight relative to the amount of the polyimide precursor therein. 

[Xn iT^e photosensitive polyimide precursor composition to be processed with the developer of the invention may 
S any otL additives that are known to be in photosen^tive resin compositions, such as plasticzer. adhesion pro- 
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[0055] in the patterning method of the invention, the photosensitive polyimide precursor composition n°tf f^^^ 'J 
i^fSplied onto a substrate, such as a silicon wafer, a metal substrate, a glass substi^te. a <=«-7J^^t^2vent is 
like through dipping, spraying, screen-printing, rotary-coating or the like, and then a major part of t^e sdvent is 
e^S hot *ying to give a non-adhesive film. The film is then exposed to active rays or chemical radiations via a 
^UaZ a deJre^ paLn drawn thereon. The active rays or chemic^ radiations for exposure include, for ^ample^ 
^Sviolet rays, far- ultraviolet rays, visible rays, electron rays. X-rays, single-wavelength '^^^fl^y- '-'^l^^^^^^^ 
exposure, the non-exposed area of the film is removed by dissolving it with the developer of the invention to from an 

intended relief pattern on the substrate. ... , ^ :„„ ^^thnri a 

[00561 For processing the exposed film with the developer of the invention, employed ,s any of a d pping method^ 
So method a paddling method and the like, which may be combined, if desired. The developed f Om rnay be rinsed 
w^er or with a bad solvent, if desired. The rinsing Oquid shall have high affinity for tt.e deve oper. For ^-s. for ^^^^^^^^ 
Zl used is a bad solvent to polyimide precurso-B. The rinsing liquid includes, for example, water, methyl alcohol, ethy 
ScohSsoprS alcohol, toluene, xylene, acetone, methyl ethyl ketone, diethyl ketone, ethyl acetate, ethylene glycol 
monoethyl ether, propylene glycol monoethyl ether, etc. . * ,r ^ u^*..,^^n 

The re ief pattern thus formed in the manner mention«l above is heated at a teniperature faHing bejveenso 
and 400°C for 5 to 300 minutes to cause imido ring closure therein, whereby is obtained a stable polyimide pattern with 

tS'^*lS?nvention is described in more detail with reference to the following Examples, which, however, are not 
intended to restrict the scope of the Invention. 

Example 1 

Preparation of Developer for Photosensitive Polyimide Precursors: 

[0059] 40 g of dimethylsulfoxide (polar component solubility parameter. 6P=8. hydrogen-bond component solubility 
parameter 6H = 5. dipole moment = 4.3. vapor pressure = 0.59 mmHg (at 25-C)). 52 g of y-butyrolactone (polar com- 
^rfeTsolubilrty parameter. 5P = 8.1, hydrogen-bond --ponent solubil«y parameter. 6H^^^^^^^^^ Th^oge^: 
Japor pressure = 0.15 mmHg (at 25°C)). and 8 g of water (polar component solubility 

bond component solubility parameter. 5H = 20.7. dipole moment = 1 .9. vapor pressure = ^^■^r^'ll^l'^^^^^^ 

put into aWee-neck flask equipped with a stirrer, a tiiermometer and a nitrogen-introducmg duct. Th^se were stirred 

Troom temperature for 1 hour to obtain a mixed solution (developer lor photosensitive polyimide precursors) ^ 

ylsulfcwide/y-butyrolactone/water (40/52/8. by weight). 
Production of Polyamic Add Solution: 

[0060] 10 g of 2.2--dimethyl-4.4'^iaminobiphenyl and 70 g of N-methyl-2-pyrrolidone were put into a three-neck f lask 

Equipped wim a stirrer, a thermometer and a nrtrogen-introducing duct and stirred at room ^^-^^.^^^^^^ '"rSl^aScT^ 
Tgofhydroxydiphthalicaciddianhydridewas added to this, and stirred fbrShours to prepareav.scous.pol^^^ 

resin solution. 
Patterning: 

[0061] 10 g of the polyamic acid resin solution prepared in the above was stirred, to which were added photosensitiz- 
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Lrboxycyclohexanone and 1 .5 g of 3-dimethylam.nopropj2 meW^ ^ ^,3, 

ture was filtered to obtain a photosensitive ^°'^P°f °" ^^^^^^^^ on a hot plate at 

which was thus coated with H through sp'-vcoatna ^^^^^^^s ^^^^^^^^^^^^ ,afer. This was then exposed to light 

90°C for 200 seconds, thereby forming a film having a thicKness ot m seconOs. then devel- 

via a patterning mask, for which was used '-^^^^ ^P^J^^^^^^ (40/52/8. by weight) that had been 

oped by paddling with the mixed solution of d'^^^^ "^V'^^f^'^^^^^^^^^^ ^^m (in terms of the 

prepared previously, and thereafter rinsed with ethanoUn the P;°cesMh^ ^^^^^^^ i„ the 

S,i^mum Via hole diameter), and the -"'^ P^«-" J^^^^^^^^^ passing through the center 
pattern dimension of 1 0 ^m was 0.3 1;"^ ^^^^ cenSTpoInt of the wafer, and the nearly center point and 

HsTt^mSe,!^ ol 8,0 am. a h,*o*n-bond componem soluW.lv paramew. i>H. o( 5.7. 
Exarr!B!e2 

• c was reoeated herein except that a mixed solution of dimethylsulfoxide/r 

[0062] The same process as in Example 1 *f f^JIn dacH he mixed solution of dimethylsulfoxide/y-butyrolac- 

8P, of 8.0 and a hydrogen-bond component solubility parameter. 6H. of 6.2. 
Fyample 3 

,«e3, ^-»p,»essas,nE«a™,a,was^.a,^.«*^^^^ 

butycolaclo^aA^er (3S«W7 by "^ff"" J^^^^J^ , ^ckxI p-olila «as ha,*, and Hs 

tonaMe- 140/52/8. by waoM) used .nE^nptel. A ^^^^ 

8P, of 8.0 and a hydrogen-bond component solubility parameter. 8H. of 5.4. 
35 C-< T"y'*fative Fxamole 1 

,0„4, V. ^ procass as ia Exa^la , «as ■?Z^':^Z:XZ::SX^^"'^i^ 
Mona (pola, coapanam ^<^^ ^ ^^S^S^^S^ZT* pLo/io.Iy »^9h,) »as «ad m pjaca 

bond component solubility parameter. 6H. of 5.3. 
45 nnm parativ f^ Example 2 

[OOeS, same process as in ^ ^^^^^^^^^^^ 

so solved insufficiently as the development '^"^1;;'^^^''^^:^^ ^J^^^ f^s^ue remained in the pattern formed, and 
formed. When the development t,me was prolonged »° ^^^^^^^^^ fluctuated, and the standard devi- 

the resolution of the pattern reached 20 .n. However^me^^^^^^^^^ ^^^^^^^ 
ation in the pattern dimension of 20 ,.m "^^^^^-^.^'"^^"^^^^ ^ S and it was confirmed that the mixed solution 
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Comparative Example 3 

[0066] The same process as in Example 1 was repeated herein, except that a mixed solution of dimethylsulfoxide/N- 
methyl-2-pyrrolidone/water (10/70/20, by weight) was used in place of the mixed solution of dimethylsulfoxide/y-butyro- 
5 lactone/water (40/52/8. by weight) used in Example 1 . In this, however, the film was dissolved insufficiently as the devel- 
opment time was short, and no pattern was formed at all. It was confirmed that the mixed solution used herein had a 
polar component solubility parameter. 6P. of 6.6 and a hydrogen-bond component solubility parameter. 5H. of 7.2. 

Comparative Example 4 

10 

[0067] The same process as in Example 1 was repeated herein, except that a mixed solution of dimethylsulfoxide/iso- 
propyl alcohol (30/70, by weight) was used in place of the mixed solution of dimethylsulfoxide/y-butyrolactone/water 
(40/52/8, by weight) used in Example 1. In this, however, no pattern was formed at all. The mixed solution used herein 
had a polar component solubility parameter, i5P. of 4.2 and a hydrogen-bond component solubility parameter. 6H. of 7.3. 

75 

Comparative Example 5 

[0068] The same process as in Example 1 was repeated herein, except that a mixed solution of y-butyrolactone/iso- 
propyl alcohol (50/50. by weight) was used in place of the mixed solution of dimethylsulfoxide/y-butyrolactone/water 
20 (40/52/8, by weight) used in Example 1 . In this, however, no pattern was formed at all. The mixed solution used herein 
had a polar component solubility parameter, 6P, of 5.1 and a hydrogen-bond component solubility parameter, 6H. of 6.2. 

Comparative Example 6 

25 [0069] The same process as in Example 1 was repeated herein, except that a mixed solution of N-methyl-2-pyrro- 
lidone/water (80/20, by weight) was used in place of the mixed solution of dimethylsulfoxide/y-butyrolactone/water 
(40/52/8. by weight) used in Example 1. In this, however, no pattern was formed at all. The mixed solution used herein 
had a polar component solubility parameter. 6P. of 6.4 and a hydrogen-bond component solubility parameter. 6H. of 7.0. 

30 Comparative Example 7 

[0070] The same process as in Example 1 was repeated herein, except that y-butyrolactone only was used in place 
of the mixed solution of dimethylsulfoxide/y-butyrolactone/water (40/52/8, by weight) used in Example 1. In this, how- 
ever, the film was not dissolved at all, and no pattern was formed. 

- 35 

Comparative Example 8 

[0071 ] The same process as in Example 1 was repeated herein, except that water only was used in place of the mixed 
solution of dimethylsulfoxide/y-butyrolactone/water (40/52/8, by weight) used in Example 1. In this, however, the film 
40 was not dissolved at all, and no pattern was formed. 

Comparative Example 9 

[0072] The same process as in Example 1 was repeated herein, except that dimethylsulfoxide only was used in place 
45 of the mixed solution of dimethylsulfoxide/y-butyrolactone/water (40/52/8, by weight) used In Example 1. In this, how- 
ever, the pattern lormed was cracked and peeled, and it was impracticable. 

[0073] As has been described in detail hereinabove, the developer for photosensitive polyimide precursors of the 
invention is favorable to rapid polyimide patterning, for example, for interlayer insulating films for multi-layered circuit 
boards and for a-ray shield layers, buffer coat layers and others for semiconductor memory devices. With the developer, 
so the polyimide patterning is attained within a short period of time. 

[0074] As exhibiting the effect, the developer is characterized in that the polyimide patterns formed with it have the 
advantage of little fluctuation in patterning dimensions. 

[0075] The developer is further characterized in that it gives no residues after development with it. and that the differ- 
ence in the solution velocity between the exposed area and the non-exposed area being developed with it is great 
55 enough to give high-resolution patterns. 

[0076] According to the patterning method of the invention of using the developer for polyimide patterning for inter- 
layer insulating films for multi-layered circuit boards and for a-ray shield layers, buffer coat layers and others for semi- 
conductor memory devices, the polyimide patterning with the developer is attained within a shorter period of time than 
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with conventional developers, and, in addition, the developer used gives no residues after development with it, and the 
poiyimide patterns formed have the advantage of little fluctuation in patterning dimensions. 

[0077] While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
5 the spirit and scope thereof. 

Claims 

1. A developer for photosensitive poiyimide precursors, which comprises two or more solvents including at least an 
10 aprotic polar solvent, and in which the mixed solution of the solvents has a polar component solubility parameter. 

8P, of not smaller than 7. 

2. The developer for photosensitive poiyimide precursors as claimed in claim 1 , which comprises at least two or more 
solvents and in which the mixed solution of the solvents has a polar component solubility parameter. 6P. falling 

15 between 7 and 9. and a hydrogen-bond component solubility parameter. oH, falling between 5 and 7. 

3. The developer for photosensitive poiyimide precursors as claimed in claim 1 or 2, wherein each solvent has a vapor 
pressure of not higher than 30 mmHg (at 25°C). 

20 4- The developer for photosensitive poiyimide precursors as claimed in claim 1, 2 or 3. wherein each solvent has a 
polar component solubility parameter, 5P. of not smaller than 7. 

5. The developer for photosensitive poiyimide precursors as claimed in any one of claims 1 to 4. which comprises two 
aprotic polar solvents each having a dipole moment of not smaller than 3.8, in a compositional ratio falling between 

25 0.5 and 2.0. along with water. 

6. The developer for photosensitive poiyimide precursors as claimed in claim 5. wherein the aprotic polar solvents are 
in an amount of from 80 to 95 % by weight, and water is in an amount of 5 to 12 % by weight. 

30 7. The devejoper for photosensitive poiyimide precursors as claimed in daim 6, wherein the aprotic polar solverns are 
dimethylsulfoxide and y-butyrolactone. the amount of dimethylsulfoxide is from 30 to 70 % by weight, that of y-buty- 
rolactone is from 30 to 70 % by weight, that of water is from 5 to 12 % by weight, and the ratio by weight of dimeth- 
ylsulfoxide/y-butyrolactone falls between 0.6 and 1 .5. 

35 8. A patterning method comprising exposing a film of a photosensitive poiyimide precursor composition to active rays 
via a pattern mask therebetween, followed by processing the film with a developer which is described in any one of 
claims 1 to 7 to thereby remove the non-exposed area of the film. 
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